Application No. 10/572,587 Docket No.: M1071.1963. 

Amendment dated 

First Preliminary Amendment 

REMARKS 

By this Amendment, the specification and abstract have been amended to be 
in proper form. A substitute specification and a marked-up version showing the 
changes made are attached. No new matter has been added. 

Claims 1-5 have been amended and new claims 6-10 have been added. 
Accordingly, claims 1-10 are pending examination. The amendments to the claims have 
not been made to define over the prior art, but have rather been made to present claims 
in a better form for examination and/or to remove unnecessary limitations. 

Favorable consideration of the amendments to the specification, abstract and 
claims is respectfully requested. 

In view of the above amendments. Applicant believes the pending 
application is in condition for allowance. Notification of which is respectfully 
requested. 



Dated: September 26, 2006 RespectfuUv submitte 




By. 

Richard LaCava 

Registration No.: 41,135 
DICKSTEIN SHAPIRO MORIN & 

OSHINSKY LLP 
1177 Avenue of the Americas 
41st Floor 

New York, New York 10036-2714 
(212) 835-1400 
Attorney for Applicant 



DOCSNY-188803v01 



8 



M1071 . 1963 

- 1 - 

DBCCRirTION 

DIELECTRIC RESONATOR DEVICE, OSCILLATOR, AND TRANSMITTER- 
RECEIVER APPARATUS 

Technical Field of the Invention 

The present invention relates to dielectric resonator 
devices, oscillators, and transmitter-receiver apparatuses 
suitable for high-frequency electromagnetic waves (high 
frequency signals), such as microwaves and millimeter waves. 
Background Art of the Invention 

A typical dielectric resonator device used in a 
transmitter-receiver apparatus, such as a communication 
apparatus and a radar apparatus, is provided with a circuit 
substrate having a ground electrode and a transmission line, 
and a dielectric resonator which is attached to the circuit 
substrate at a position facing the ground electrode so as to 
be coupled to the transmission line (for example, see Patent 
Document 1) . 

Patent Document 1: Japanese Unexamined Patent Application 
Publication No. 11-214908 

In such prior art, the dielectric resonator is defined 
by a TEOlO-mode resonator that has, for example, electrodes 
disposed on opposite surfaces of a dielectric substrate, and 
these electrodes are respectively provided with circular 
openings that face each other. The electrodes of the TEOIO- 
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mode resonator are electrically connected to the ground 
electrode of the circuit substrate, such that the electrodes 
of the TEOlO-mode resonator are supported by the ground 
electrode . 

In the prior art, the electrodes of the TEOlO-mode 
resonator are electrically connected to the ground electrode 
of the circuit substrate with, for example, a conductive 
projection. For this reason, if a bump, for example, is 
used as the conductive projection, a designated device or 
process is necessary for the attachment of the bump. This 
leads to an increase in manufacturing costs. Furthermore, 
since an inexpensive insulative resin material is used for 
the circuit substrate while a high dielectric ceramic 
substrate is used for the TEOlO-mode resonator, a thermal 
stress may be generated between the circuit substrate and 
the TEOlO-mode resonator due to a difference in coefficient 
of linear expansion between the two. This may possibly 
cause a disengagement of the joined section between the 
ground electrode of the circuit substrate and the electrodes 
of the TEOlO-mode resonator. The disengagement of the 
joined section induces a change in a current path, thus 
easily leading to fluctuation of the characteristics of the 
TEOlO-mode resonator . 
Summary DiocloQuro of the Invention 

In view of the circumstances of the prior art described 
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above, it is an object of the present invention to provide a 
dielectric resonator device, an oscillator, and a 
transmitter-receiver apparatus having stable characteristics 
while requiring lower manufacturing costs. 

In order to achieve the aforementioned object, the 
present invention is directed to a dielectric resonator 
device including a circuit substrate having a ground 
electrode and a transmission line; and a dielectric 
resonator which is attached to the circuit substrate at a 
position facing the ground electrode and is coupled to the 
transmission line. The dielectric resonator includes 
electrodes disposed on opposite surfaces of a dielectric 
substrate, the electrodes respectively having openings that 
face each other. 

The present invention is characterized in that an 
insulating layer is provided between the ground electrode of 
the circuit substrate and the electrodes of the dielectric 
resonator so as to insulate the ground electrode from the 
electrodes, and one of the openings of the dielectric 
resonator is provided with an insulative adhesive for 
joining the dielectric resonator to the circuit substrate. 

According to the present invention, the insulating 
layer is provided between the ground electrode of the 
circuit substrate and the electrodes of the dielectric 
resonator so as to insulate the ground electrode from the 
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electrodes. Accordingly, a current path remains unchanged 
even if the adhesive is partially detached due to a 
difference in coefficient of linear expansion, thereby 
achieving stable characteristics. Furthermore, since the 
insulating layer intervenes the ground electrode of the 
circuit substrate and one of the electrodes of the 
dielectric resonator, the dielectric resonator can be 
positioned by the insulating layer in the height direction 
of the circuit substrate. This stabilizes the coupling 
amount between the transmission line and the dielectric 
resonator . 

Furthermore, since the dielectric resonator and the 
circuit substrate are joined to each other with the 
insulative adhesive, the adhesion strength is greater in 
comparison to using a conductive adhesive, thereby achieving 
enhanced reliability and durability. Moreover, since the 
insulative adhesive is disposed in one of the openings of 
the dielectric resonator, the adhesive is prevented from 
protruding outward from the periphery of the dielectric 
resonator, which may be seen in a case where, for example, 
an adhesive is disposed in a peripheral region of the 
dielectric resonator. Therefore, a protruding portion of 
the adhesive is prevented from interfering with, for example, 
a package that houses the dielectric resonator. This 
implies that a small-size package, for example, can be used. 
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Furthermore, the adhesive may be applied to any position 
within the opening of the dielectric resonator. This 
contributes to improved workability. 

Furthermore, in the present invention, the insulating 
layer may surround the opening of the dielectric resonator. 

According to the present invention, by providing the 
insulating layer in a surrounding fashion around the opening 
of the dielectric resonator, the insulating layer is 
sandwiched between the ground electrode of the circuit 
substrate and the corresponding electrode of the dielectric 
resonator. This prevents the dielectric resonator from 
tilting, thereby stabilizing the coupling characteristics 
with respect to the transmission line. 

In this case, in the present invention, the insulating 
layer is preferably provided with a relief passage for 
guiding the insulative adhesive outward from the opening of 
the dielectric resonator. 

According to the present invention, since the 
insulating layer may be provided with the relief passage for 
guiding the insulative adhesive outward from the opening of 
the dielectric resonator, an excess amount of the insulative 
adhesive can be guided outward through the relief passage. 
This prevents the dielectric resonator from becoming 
disengaged from the insulating layer, thereby achieving 
stable characteristics. Moreover, if the dielectric 
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resonator is to be housed inside, for example, a package, 
the excess amount of the insulative adhesive can be guided 
by the relief passage to a position where the adhesive does 
not interfere with the package. 

Furthermore, an oscillator equipped with the dielectric 
resonator device according to the present invention may be 
provided, and moreover, a transmitter-receiver apparatus, 
such as a communication apparatus and a radar apparatus, 
equipped with the dielectric resonator device according to 
the present invention may also be provided. 

The application of the dielectric resonator device 
according to the present invention in an oscillator or a 
transmitter-receiver apparatus achieves stable 
characteristics of, for example, the oscillator and also 
improves the reliability and the assembly process thereof. 
Moreover, this also contributes to a higher yield rate as 
well as lower manufacturing costs. 
Brief Description of the Drawings 

Fig. 1 is an exploded perspective view illustrating an 
exploded state of a dielectric resonator device according to 
a first embodiment. 

Fig. 2 is a plan view of a TEOlO-mode resonator shown 
in Fig. 1. 

Fig. 3 is a cross- sectional view of the TEOlO-mode 
resonator taken along line III-III in Fig. 2. 
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Fig, 4 is a bottom view of a circuit substrate having 
an insulating layer and an insulative adhesive attached 
thereto . 

Fig. 5 is a cross-sectional view of the dielectric 
resonator device according to the first embodiment taken 
along line V-V in Fig. 4. 

Fig. 6 is a bottom view of the circuit substrate 
included in the dielectric resonator device according to a 
second embodiment . 

Fig. 7 is a cross-sectional view taken along line VII- 
VII in Fig. 6 and showing the dielectric resonator device 
according to the second embodiment without the insulative 
adhesive . 

Fig. 8 is an exploded perspective view illustrating an 
exploded state of an oscillator according to a third 
embodiment . 

Fig. 9 is an equivalent circuit diagram of the 
oscillator shown in Fig. 8. 

Fig. 10 is a block diagram of a communication apparatus 
according to a fourth embodiment . 
Reference Numerals 

1, 21 circuit substrate 

2, 24, 33 transmission line 
3 ground electrode 

4, 37 TEOlO-mode resonator 
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5 



dielectric substrate 



6 



electrode 



7 



opening 



8 



insulating layer 



9 



insul at i ve adhe s i ve 



11 relief path 

41 communication apparatus (transmitter-receiver 
apparatus) 

56 oscillator 
Detailed Description of Dcot Mode for Carrying Out the 
Invention 

A dielectric resonator device, an oscillator, and a 
communication apparatus according to embodiments of the 
present invention will now be described with reference to 
the attached drawings. 

Figs. 1 to 5 illustrate a first embodiment. The first 
embodiment is directed to an example of a dielectric 
resonator device equipped with a TEOlO-mode resonator. 

Rcforcncc numeral 1 indicatco aA circuit substrate 1 
having various types of circuits for processing, for example, 

high frequency signals-; The circuit oubotrato 1 is formed 

of a substantially flat plate composed of a dielectric 
material, such as an insulative resin material and a ceramic 
material, and has a top surface lA and a bottom surface IB. 

Rcforcncc numeral — 2 — indicatco a A p air of transmission 
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lines 2 extend Gxtcnding parallel to each other on the top 
surface lA of the circuit substrate 1 and are defined by, 
for example, micro-strip lines. Each of the transmission 
lines 2 is formed of a strip-shaped conductive pattern and 
forms a coupled line coupled to the TEOlO-mode resonator, 
which will be described below. 

RcfcrcncG numeral 3 — indicatco aA ground electrode 3 is 
disposed on the bottom surface IB of the circuit substrate 1 
The ground electrode 3 covers substantially the entire 
bottom surface IB of the circuit substrate 1. Moreover, the 
ground electrode 3 has a circular opening 3A disposed at a 
position corresponding to a central portion of the circuit 
substrate 1, such that the circuit substrate 1 is partly 
exposed through the opening 3A. The opening 3A faces the 
two transmission lines 2 across the circuit substrate 1 and 
also faces one of openings 7 of a TEOlO-mode resonator 4, 
which will be described below. Furthermore, the opening 3A 
of the ground electrode 3 has, for example, a smaller 
diameter than each opening 7 of the TEOlO-mode resonator 4. 

Reference numeral 4 indiGatca the A TE 0 1 0 - mode 
resonator 4 f unct ions f unct ioning as a dielectric resonator— 
The TBOlO mode rcnonator — 4 and includes a dielectric 
substrate 5 and electrodes 6, which will be described below. 

RGfcrcnGC numeral — 5 indicatco the dielectric oubotratc. 
The dielectric substrate 5 is composed of, for example, a 
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ceramic material having a relative dielectric constant that 
is higher than that of the circuit substrate 1, and has a 
substantially flat rectangular shape (for example, a square 
shape with a thickness of 0.6 mm and with each side having 
about 3.3 mm). Moreover, the dielectric substrate 5 has a 
top surface 5A and a bottom surface 5B. 

RcfcrcncG numeral 6 — indicatco a A pair of electrodes 6 
are respectively disposed on the opposite surfaces 5A and 5B 
of the dielectric substrate 5. Each electrode 6 is formed 
of, for example, a thin film composed of a conductive 
metallic material. The electrodes 6 are provided with the 
openings 7 that face each other across the dielectric 
substrate 5. Excluding the openings 7, the two electrodes 6 
respectively cover the opposite surfaces 5A and 5B of the 
dielectric substrate 5. The electrode 6 on the top surface 
5A of the dielectric substrate 5 faces the ground electrode 
3 of the circuit substrate 1 across an insulating layer 8. 

Each opening 7 is a substantially circular through-hole 
disposed in a central portion of the corresponding electrode 
6, such that the dielectric substrate 5 is partly exposed 
through the opening 7 . The diameter of each opening 7 is 
set to a value corresponding to a wavelength Xg, which 
corresponds to a resonant frequency in the dielectric 
substrate 5. Moreover, the two openings 7 are disposed 
facing each other across the dielectric substrate 5, such 
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that a resonant mode in accordance with a TEOlO mode is 
produced in the openings 7. The center of each opening 7 is 
substantially aligned with the center of the opening 3A of 
the ground electrode 3 . 

RGforcncQ numeral — 8 — indicatco the A n insulating layer 
that 8 is disposed between the ground electrode 3 of the 
circuit substrate 1 and one of the electrodes 6 of the 
TEOlO-mode resonator 4 and that surrounds the corresponding 
opening 7. The insulating layer 8 is composed of, for 
example, a resist material and is a thin film that covers a 
wider rangc area than the dielectric substrate 5 (TEOlO-mode 
resonator 4) . A central portion of the insulating layer 8 
is provided with an opening 8A having substantially the same 
shape as the opening 3A. Moreover, the insulating layer 8 
has, for example, a substantially uniform thickness and is 
disposed around the periphery of the opening 3A of the 
ground electrode 3 . The insulating layer 8 also abuts on 
one of the electrodes 6 of the TEOlO-mode resonator 4. 
Consequently, the insulating layer 8 insulates the ground 
electrode 3 of the circuit substrate 1 from the electrodes 6 
of the TEOlO-mode resonator 4. Moreover, the insulating 
layer 8 maintains the TEOlO-mode resonator 4 at a position 
distant from the circuit substrate 1 by the thickness of the 
insulating layer 8, and positions the TEOlO-mode resonator 4 
in the thickness direction (height direction) of the circuit 
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substrate 1. 

RcfcrGnGQ numeral — 9 — indicatca an A n insulative adhesive 
9 is disposed between the opening 3A of the circuit 
substrate 1 and one of the openings 7 of the TEOlO-mode 
resonator 4. The insulative adhesive 9 has, for example, a 
relative dielectric constant that is lower than that of the 
dielectric substrate 5, and is positioned in substantially 
the center of the circular openings 3A and 7 . The 
insulative adhesive 9 joins the circuit substrate 1 and the 
dielectric substrate 5 together. Accordingly, the TEOIO- 
mode resonator 4 is fixed to the bottom surface IB of the 
circuit substrate 1 with the insulative adhesive 9 at a 
position corresponding to the opening 3A, and is thus 
coupled to the transmission lines 2 via, for example, the 
opening 3A. 

The dielectric resonator device according to the first 
embodiment has the structure described above . When the 
TEOlO-mode resonator 4 is in operation, a circular plane 
that connects the periphery edges of the openings 7 forms a 
short-circuit plane. Thus, as shown in Figs. 2 and 3, an 
annular electric field E and a donut-shaped electric field H 
that surrounds the electric field E are formed in the 
openings 7. Accordingly, a high frequency signal in the 
TEOlO-mode resonator 4 resonates in a resonant mode in 
accordance with a TEOlO mode, and moreover, the TEOlO-mode 
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resonator 4 is coupled to the transmission lines 2 via, for 
'example, the opening 3A, as shown in Fig. 5, 

In the first embodiment, since the insulating layer 8 
is provided for insulating the ground electrode 3 of the 
circuit substrate 1 from the electrodes 6 of the TEOlO-mode 
resonator 4, a current path remains unchanged even if the 
insulative adhesive 9 is partially detached due to a 
difference in coefficient of linear expansion between the 
circuit substrate 1 and the dielectric substrate 5. 
Accordingly, this achieves stable characteristics. 

Moreover, since the insulating layer 8 intervenes the 
ground electrode 3 of the circuit substrate 1 and one of the 
electrodes 6 of the TEOlO-mode resonator 4, the TEOlO-mode 
resonator 4 is positioned by the insulating layer 8 in the 
height direction of the circuit substrate 1. This 
stabilizes the coupling amount between the transmission 
lines 2 and the TEOlO-mode resonator 4. 

Furthermore, since the TEOlO-mode resonator 4 and the 
circuit substrate 1 are joined to each other with the 
insulative adhesive 9, the adhesion strength is greater in 
comparison to using a conductive adhesive, thereby achieving 
enhanced reliability and durability. 

Furthermore, since the insulative adhesive 9 is 
disposed in one of the openings 7 of the TEOlO-mode 
resonator 4, the insulative adhesive 9 is prevented from 
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protruding outward from the periphery of the TEOlO-mode 
resonator 4, which may be seen in a case where, for example, 
an adhesive is disposed in a peripheral region of the TEOIO- 
mode resonator 4. Accordingly, if the TEOlO-mode resonator 
4 is to be housed inside, for example a package, a 
protruding portion of the insulative adhesive 9 is prevented 
from interfering with, for example, the package. Therefore, 
a small -size package can be used, thereby contributing to 
size reduction of the entire device. Furthermore, the 
insulative adhesive 9 may be applied to any position within 
the opening 7 of the TEOlO-mode resonator 4. This 
contributes to improved workability. 

Figs. 6 and 7 illustrate a dielectric resonator device 
according to a second embodiment. The second embodiment is 
characterized in that the insulating layer is provided with 
relief passages for guiding the insulative adhesive outward 
from the opening of the TEOlO-mode resonator. In the second 
embodiment, components corresponding to those in the first 
embodiment are indicated by the same reference numerals, and 
descriptions of those components will thus be omitted. 

Reference numeral — i-i — indicatca — two Two relief passages 
11 are provided in the insulating layer 8. Each relief 
passage 11 is defined by, for example, a linear cutout 
extending outward from the openings 3A, 7 in the diameter 
direction thereof. The relief passages 11 extend in 
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opposite directions from each other. Thus, the relief 
passages 11 divide the insulating layer 8 into two sections, 
and guide an excess amount of the insulative adhesive 9 
outward from the opening 7 of the TEOlO-mode resonator 4. 

The second embodiment achieves substantially the same 
advantage as the first embodiment. On the other hand, since 
the relief passages 11 are provided in the insulating layer 
8 according to the second embodiment, an excess amount of 
the insulative adhesive 9 can be released outward from the 
opening 7 of the TEOlO-mode resonator 4 through the relief 
passages 11. This prevents the TEOlO-mode resonator 4 from 
becoming disengaged from the insulating layer 8, which may 
be caused by the excess amount of the insulative adhesive 9. 
Therefore, the coupling amount between the TEOlO-mode. 
resonator 4 and the transmission lines 2 can be maintained 
substantially constant, thereby achieving stable 
characteristics . 

Furthermore, if the TEOlO-mode resonator 4 is to be 
housed inside, for example, a package (not shown) , the 
relief passages 11 can be used to guide the excess amount of 
the insulative adhesive 9 to a position where the insulative 
adhesive 9 does not interfere with the package. 
Specifically, the package may be provided with gaps for 
holding the excess amount of the insulative adhesive 9 at 
the outer ends of the relief passages 11 (i.e. left and 
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right sides of the TEOlO-mode resonator 4 in Fig. 6), and 
the other sections of the package may be disposed adjacent 
to the TEOlO-mode resonator 4. Accordingly, the package 
does not need to be needlessly increased in size, thereby 
contributing to size reduction of the entire dielectric 
resonator device including the package. 

Although the insulating layer 8 is provided with the 
two relief passages 11 in the second embodiment, the present 
invention is not limited to such a configuration. 
Alternatively, the insulating layer may be provided with, 
for example, a single relief passage or three or more relief 
passages. 

Figs. 8 and 9 illustrate a third embodiment. The third 
embodiment is directed to an oscillator equipped with the 
dielectric resonator device according to the present 
invention. In the third embodiment, components 
corresponding to those in the first embodiment are indicated 
by the same reference numerals, and descriptions of those 
components will thus be omitted. 

Reference numeral 21 indicatc3 The oscillator of the 
third embodiment includes a circuit substrate 21, composed 

of a dielectric material , preferably- Specifically, — fehe 

circuit — aubotrate 21 — io compoocd of, — for example, a ceramic 
material or resin material having a dielectric constant that 
is lower than that of the dielectric substrate 5, and has a 
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substantially flat rectangular shape. Moreover , — ar-A bottom 
surface of the circuit substrate 21 is provided with the 
ground electrode 3 that covers substantially the entire 
bottom surface. The ground electrode 3 has a circular 
opening (not shown) , which is substantially the same as that 
in the first embodiment and is disposed at a position facing 
transmission lines 24 and 33, which will be described below. 

RcforcnGC numeral — 2^ — indicatco an A n oscillation 
circuit unit 22 is provided in the circuit substrate 21. 
The oscillation circuit unit 22 includes, for example, a 
field effect transistor 23 (which will be referred to as an 
FET 23 hereinafter) and a transmission line 24 defined by a 
micro-strip line. The oscillation circuit unit 22 is 
supplied with supply voltage through a power terminal 21A. 
The oscillation circuit unit 22 oscillates a signal of a 
predetermined oscillation frequency (resonant frequency) set 
by a TEOlO-mode resonator 37, which will be described below, 
and outputs this signal through an output terminal 2 IB. 

The FET 23 has a gate terminal G, which is connected to 
a base end of the transmission line 24. The FET 23 also has 
a source terminal S, which is connected to a stub 2 5 for 
controlling a feedback frequency and to a bias coil 26. 
Moreover, the source terminal S is also connected to the 
output terminal 2 IB via a coupled line. 2 7 for blocking a 
direct -current component . 
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On the other hand, the FET 23 also has a drain terminal 
D, which is connected to the power terminal 21A via a filter 
circuit 28 including a stub 28A and a coil 28B and via a 
bias resistor 29. The power terminal 21A is connected to a 
surge-eliminating capacitor 30. Furthermore, a front end of 
the transmission line 24 is connected to a terminating 
resistor 31. 

RofGrGncc numeral — 3^ — indicatca a A frequency control 
circuit unit 32 is p rovided on the circuit substrate 21. 
The frequency control circuit unit 32 mainly includes the 
transmission line 33 defined by a micro-strip line disposed 
adjacent to the TEOlO-mode resonator 37, and a variable 
capacitance diode (varactor diode) 34 connected to a front 
end of the transmission line 33 and functioning as a 
modulation element. The variable capacitance diode 34 has 
its cathode terminal connected to the transmission line 33 
and has its anode terminal connected to a ground. On the 
other hand, the transmission line 33 has a base end 
connected to a control input terminal 21C via a filter 
circuit 35. The control input terminal 21C is connected to 
a capacitor 36. 

The frequency control circuit unit 32 changes the 
capacitance of the variable capacitance diode 34 in response 
to a control voltage applied to the control input terminal 
21C so as to control the oscillation frequency (resonant 
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frequency) . 

RcfGrcncQ numeral 3 7 indiaatCQ the A TE 0 1 0 - mode 
resonator 37 is attached to the bottom surface of the 
circuit substrate 21. Substantially similar to the TEOIO- 
mode resonator 4 according to the first embodiment, the 
TEOlO-mode resonator 3 7 mainly includes the dielectric 
substrate 5, the electrodes 6, and the openings 7. The 
TEOlO-mode resonator 37 is disposed at a position facing the 
transmission lines 24 and 33 across the circuit substrate 21, 
and is connected to the oscillation circuit unit 22 and the 
frequency control circuit unit 32 via the transmission lines 
24 and 33. 

Similar to the first embodiment, an insulating layer 
(not shown) composed of, for example, a resist material is 
disposed between the ground electrode 3 of the circuit 
substrate 21 and the electrodes 6 of the TEOlO-mode 
resonator 37. The insulating layer insulates the electrodes 
6 of the TEOlO-mode resonator 3 7 from the ground electrode 3 
of the circuit substrate 21. Furthermore, one of the 
openings 7 in the TEOlO-mode resonator 3 7 has the insulative 
adhesive 9 therein, such that the TEOlO-mode resonator 37 is 
attached to the circuit substrate 21 with the insulative 
adhesive 9. 

RcfcrGncc numeral 3 8 indicatca a A package 38 that 
houses the circuit substrate 21 together with the TEOlO-mode 



I DOCSNY-18879Qv01 DOCSNJY.18870n.l 



M1071 . 1963 

- 20 - 

resonator 37. The package 38 has a shape of a box with a 
bottom surface, and is composed of, for example, alumina. A 
central portion of the package 3 8 is provided with a housing 
recess 38A for housing the TEOlO-mode resonator 37. 
Moreover, in a state where the circuit substrate 21 and the 
like are housed in the package 38, an upper opening of the 
package 3 8 is covered with a cap 3 9 plated with, for example, 
nickel . 

The oscillator according to the third embodiment has 
the structure described above, and operates in the following 
manner . 

When a driving voltage is applied to the power terminal 
21A, a signal corresponding to a resonant frequency of the 
TEOlO-mode resonator 3 7 is input to the gate terminal G of 
the FET 23. Thus; the oscillation circuit unit 22 and the 
TEOlO-mode resonator 37 form a band reflex oscillation 
circuit. Accordingly, the FET 23 amplifies the signal 
corresponding to the resonant frequency of the TEOlO-mode 
resonator 3 7 and outputs the signal outward through the 
output terminal 2 IB. 

Furthermore, since the TEOlO-mode resonator 37 is 
connected to the frequency control circuit unit 32 that 
includes the variable capacitance diode 34, the resonant 
frequency of the TEOlO-mode resonator 37 can be set 
adjustably in accordance with a value of the control voltage 
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applied to the control input terminal 21C. Accordingly, the 
entire oscillator functions as a voltage controlled 
oscillator (VCO) . 

In the third embodiment, the TEOlO-mode resonator 37 
that is similar to that in the first embodiment is used to 
form a voltage controlled oscillator. Accordingly, this 
stabilizes the characteristics of the oscillator and also 
improves the reliability and the assembly efficiency thereof 
thereby contributing to a higher yield rate and lower 
manufacturing costs . 

Although the TEOlO-mode resonator according to the 
first embodiment is used as the TEOlO-mode resonator 37 in 
the third embodiment, the TEOlO-mode resonator according to 
the second embodiment may be used as an alternative. 

Fig. 10 illustrates a fourth embodiment of the present 
invention. The fourth embodiment is directed to a 
communication apparatus 41 serving as a transmitter- receiver 
apparatus and including the oscillator equipped with the 
TEOlO-mode resonator according to the present invention. 

RcfcrcnoQ numeral — 41 indicatco the communication 

apparatus according to the fourth embodiment . The 

communication apparatus 41 includes, for example, a signal 
processing circuit 42, a high-frequency module 43 that is 
connected to the signal processing circuit 42 and that 
receives and outputs high frequency signals, and an antenna 
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45 that is connected to the high-frequency module 43 and 
that sends or receives the high frequency signals through an 
antenna duplexer 44 . 

The high-frequency module 43 has a transmitting portion 
and a receiving portion. The transmitting portion is 
defined by a band pass filter 46, an amplifier 47, a mixer 
48, a band pass filter 49, and a power amplifier 50 that are 
connected between an output of the signal processing circuit 
42 and the antenna duplexer 44, whereas the receiving 
portion is defined by a band pass filter 51, a low noise 
amplifier 52, a mixer 53, a band pass filter 54, and an 
amplifier 55 that are connected between the antenna duplexer 
44 and an input of the signal processing circuit 42 . The 
mixers 48 and 53 are connected to an oscillator 56 equipped 
with the TEOlO-mode resonator according to the present 
invention, as in the third embodiment. 

The communication apparatus according to the fourth 
embodiment has the structure described above and operates in 
the following manner. 

In a transmission mode, an intermediate frequency 
signal (IF signal) output from the signal processing circuit 
42 is sent to the band pass filter 46 where an undesired 
portion of the signal is removed. Subsequently, the signal 
is amplified by the amplifier 47 and is then input to the 
mixer 48. The mixer 4 8 mixes the intermediate frequency 
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signal and a carrier from the oscillator 56 together so as 
to up- convert the signal to a high frequency signal (RF 
signal) . The high frequency signal output from the mixer 4 8 
is sent to the band pass filter 49 where an undesired 
portion of the signal is removed. The signal is then 
amplified to a transmission power by the power amplifier 50, 
and is output from the antenna 4 5 via the antenna duplexer 
44 . 

On the other hand, in a receiving mode, a high 
frequency signal received from the antenna 4 5 is input to 
the band pass filter 51 via the antenna duplexer 44. In the 
band pass filter 51, an undesired portion of the high 
frequency signal is removed. Subsequently, the signal is . 
amplified by the low noise amplifier 52 and is input to the 
mixer 53 . The mixer 53 mixes the high frequency signal and 
a carrier from the oscillator 56 together so as to down- 
convert the signal to an intermediate frequency signal. The 
intermediate frequency signal output from the mixer 53 is 
sent to the band pass filter 54 where an undesired portion 
of the signal is removed. The signal is then amplified by 
the amplifier 55, and is input to the signal processing 
circuit 42 . 

Because the communication apparatus in the fourth 
embodiment is equipped with the oscillator 56 that includes 
the TEOlO-mode resonator according to the present invention 
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having reduced radiation, the fourth embodiment achieves 
substantially the same advantage as the third embodiment. 

Although the fourth embodiment is directed to an 
example in which the oscillator 56 equipped with the TEOIO- 
mode resonator according to the present invention is applie 
in the communication apparatus 41, the oscillator 56 may 
alternatively be applied in, for example, a radar apparatus 

Furthermore, each of the embodiments includes the 
TEOlO-mode resonator 4 or 37 having the circular openings 7 
However, the present invention is not limited to such a 
shape. For example, a dielectric resonator with openings 
having other types of shapes, such as a rectangle, may be 
used as an alternative. 

Furthermore, although the TEOlO-mode resonator 4 or 3 7 
is attached to one of the surfaces of the circuit substrate 
1 or 21 that is opposite to the surface with the 
transmission lines 2, or 24 and 33 in each embodiment, the 
TEOlO-mode resonator 4 or 37 may alternatively be attached 
to the circuit substrate on the same surface as the 
transmission lines . 

Furthermore, in each of the above embodiments, the 
transmission lines 2, or 24 and 33 are defined by micro- 
strip lines. Alternatively, for example, strip lines and 
coplanar lines may be used as the transmission lines. 
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